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（1）采用脱色菌 Citrobacter sp. CK3，以活性红 KN-3B 染料为处理对象，
在厌氧批式反应条件下，系统考察了 pH 值，温度和染料浓度对脱色反应速度的
影响；通过动力学模拟及反应过程中染料的 UV-Vis 扫描图分析，探讨了脱色反
应机理。结果表明：Citrobacter sp. CK3 对活性红 KN-3B 的脱色反应的适宜 pH
值为 7~9；脱色反应速度在温度为 32oC 时达到最大的 1.81 mg·L-1·h-1。染料初浓
度在 57~458 mg·L-1 范围内逐渐增大时，脱色率从 72%降到 44%。脱色反应符合
二级反应动力学。 
（2）固定化细胞技术采用包埋固定化法，实验考察了包埋 Citrobacter sp. 
CK3 的凝胶小球在不同条件下对活性红偶氮染料的脱色效果。结果表明：固定
化细胞的脱色反应在 pH 值为 9~11 时脱色效果最佳，最适温度为 32~37oC。随着




（3）CK3 对各偶氮染料的脱色快慢顺序为：RB5 > BB198 > RG19 > RB171 

















The decoloring characteristics of Citrobacter sp. CK3 stain was studied in this 
paper. The aims of this study were to optimize the decoloring process with suspended 
and immobilized cells, and explore the degradation kinetics and the degradation 
mechanism of the dyestuff. The Citrobacter sp. CK3 stain was immobilized then used 
to degrade synthetic dye wastewater (SDW) containing Reactive Red azo dyes. In 
addition, the stain was used to degrade seven Reactive azo dyes. From that, we can 
know the differences of degradation mechanism between different azo dyes. The 
results were as follows: 
(1) The kinetic modeling and mechanism with using Citrobacter sp.CK3 
removed the textile dye, C.I. Reactive Red 180, from aqueous solution was 
investigated using different parameters, such as initial dye concentration, pH and 
temperature. In anaerobic batch experiments, the decolorization efficiency decreased 
with increase in initial dye concentration. The high decolorization rate was observed 
at pH value of 7~9 and temperature of 32oC. The decolorization followed a second 
order kinetic model. The UV-Vis spectra analysis revealed that the decolorization 
process was azo bond cleaved reaction. 
(2) The cell entrapment method was based as the technics of immobilized 
microbial cells. The effect of influent conditions on the decolorization was 
investigated. The high decolorization rate was observed at pH value of 7~9 and 
temperature of 32 ~37oC.The decolorization efficiency decreased with increase in 
initial dye concentration. The HPLC analysis revealed the decoloration was due to the 
biodegradation by Citrobacter sp. CK3 and the absorption of the gel beads, and the 
biodegradation played the leading role. 
(3) The specific growth rate (SDR) for the azo dyes: RB5 > BB198 > RG19 > 
RB171 > RR141 > RY84 > DY86. The chemical structure of azo dyes may have an 
effect on the SDR. 
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随着我国加入世界贸易组织（World Trade Organization，简称 WTO）后，经
济水平得到飞速发展，但随之引发的环境问题也越来越得到人们的重视。其中纺
织印染行业是加入 WTO 后的利好行业，近几年均以二位数增长，但处理实施难
以同步，排放污染物总量有增加趋势。目前，世界染料年产量约为 8×105 t~9×105 
t， 我国年产量已经达到 1.5×103 t，位居世界前列[1]。这其中大约有 10%~15%的
染料会直接随废水排入环境中，产生大量的印染废水。所以印染行业是工业废水











（Polyvinyl Alcohol、Vinylalcohol Polymer、Poval，简称 PVA）浆料、人造
丝碱解物（主要是邻苯二甲酸类物质）、新型助剂等难生化降解有机物大量进入
印染废水，其化学需氧量（Chemical Oxygen Demand，简称 COD）浓度也由原

































解物、纤维屑、淀粉碱和各种助剂。废水呈碱性，pH 值为 12 左右。上浆以淀粉
为主的（如棉布）退浆废水，其 COD、生化需氧量（Biochemical Oxygen Demand，
简称 BOD）值都很高，可生化性较好；上浆以 PVA 为主的（如涤棉经纱）退浆








































































去除率在 60%~90%，染料回收率大于 95%。 
1.3.2 化学法 
1.3.2.1 絮凝沉淀法 




































































Oh Y K[23]等人研究了 Citrobacter amalonaticus Y19 对单偶氮染料、双偶氮染
料、蒽醌染料和靛蓝染料等多种合成染料的降解效果。该菌对多数偶氮染料的降
解速率较快，并且在 48 h 后脱色率都能达到 88~99%。 
Lin J[24]等人采用假单胞菌对活性蓝 13 进行脱色试验，在最佳脱色条件
pH=7.0、温度为 35oC 时，在 70 h 脱色率可以达到 83.2%。 
 
表 1-1 具有偶氮染料脱色活性菌株[26-32] 
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